The prevalence of microvascular and acute diabetic complications, and their relation to duration of diabetes and glycaemic control were examined in a cross-sectional study of 3250 IDDM patients in Europe (EURODIAB IDDM Complications Study). Mean (SD) duration of diabetes was 14.7 (9.3) years. HbAlo and AER were measured centrally. Retinopathy was assessed by centrally graded retinal photography. Autonomic neuropathy was measured by heart rate and blood pressure responses to standing up. Sensory neuropathy was measured by biothesiometry. Normal HbAlc was found in 16 % of patients. An AER of 20 gg/min or higher was found in 30.6 % (95 % CI 29.0 %, 32.2 %) of all patients, and 19.3 % (15.6 %, 23.0 % ) of those with diabetes for 1 to 5 years. The prevalence of retinopathy (46 % in all patients; 82 % after 20 or more years) was substantially lower than in comparable studies. Of all patients 5,9% (5.1%, 6.7%) had postural hypotension, 19.3% (17.9 %, 20.7 %) had abnormal heart rate variability, 32.2 % (30.6 %, 33.8 9/o) reported one or more severe hypoglycaemic attacks during the last 12 months and 8.6% (7.6%, 9.6%) reported hospital admission for ketosis over the same period. Microvascular and acute complications were clearly related to duration of diabetes and to glycaemic control. However, the relation of glycaemic control to raised albuminuria differed qualitatively from its relation to retinopathy. [Diabetologia (1994) 
lected IDDM patients attending 31 clinics in 16 European countries. It was established to measure the prevalence and severity of diabetic complications and to examine specific relations between putative risk factors and complications. This report describes the prevalence of microvascular disease (nephropathy, retinopathy and neuropathy) and acute metabolic complications (severe hypoglycaemia and ketosis), and provides new insight into their relation with the major risk factors, duration of diabetes and glycaemic control [3] [4] [5] .
Subjects, materials and methods
IDDM was defined as diabetes diagnosed before the age of 36 years with continuous need for insulin i year after diagnosis. At each centre (except Cagliari and Dusseldorf Medizinische Klinik E), a stratified random sample of up to 140 (see below) patients aged 15-60 years was selected from a sampling frame of all IDDM patients who had attended the diabetes clinic, or re- lated clinics such as a renal clinic, at least once during the previous 12 months, Patients were stratified by sex, age in three groups (15-29, 30-44 and 45-60 years) and duration in three groups (1-7, 8-14 and 15 + years) before randomly selecting 10 patients from each stratum. Stratification determined a similar distribution of age and duration within, and men and women in each centre (Table 1) . In Cagliari, all clinic attenders were aged below 30 years; these patients were stratified according to sex and duration as above before random selection. In Dusseldorf Medizinische Klinik E, patients were selected consecutively, not randomly. In Northern France (Valenciennes and Paris) and in Dusseldorf, recruitment was shared by two independent centres; data from each of the two centres have been combined in this report. Data from four English centres (NW London, Sheffield, Wolverhampton and Manchester) have been combined as one centre. At each centre, informed consent from all patients and ethical committee approval for the study was obtained. Pregnant women, patients who were unrepresentative of local ethnic groups and those with IDDM for less than i year were not recruited into the study. Patients were invited to participate in the study in person, by phone and by letter. Fourteen percent of eligible patients could not be contacted. Of the remainder who responded to the invitation, 85 % took part in the study, giving an overall response rate of 73 % and a total of 3250 participants (51% male). Their mean (SD) age was 32.7 (10.7) years and duration of diabetes was 14.7 (9.3) years. Most centres investigated between 120 and 140 patients (Table 1) . After attending regional training sessions, investigators followed standard procedures described in a comprehensive manual of operations (available on request). Severe hypoglycaemia was defined as any episode severe enough to require the help of another person. Severe ketosis was defined as an episode requlring hospital admission. Patients were asked how many such episodes they had had over the last 12 months.
Sensory neuropathy was measured by VPT using centrally calibrated biothesiometers. VPT was measured with the biothesiometer resting horizontally on the tip of the right great toe and the mean of three readings used for analysis. Autonomic neuropathy was measured by testing two cardiovascular reflex responses: change in heart rate and change in systolic blood pressure on standing upright after resting horizontally for at least 5 min. A single observer calculated the postural change in ECG-recorded heart rate as the ratio of the longest beat-to-beat (R-R interval between QRS complexes) interval between the 28 th and 32 nd beats to the shortest beat-beat interval between the 13 th and 17 th beats (R-R ratio). Beats were counted from the time at which the patient started to stand up. Blood pressure was measured once in the horizontal position, and once again, 60 s after standing upright. Both measurements were made to the nearest 2 mm Hg using a Hawksley random zero sphygmomanometer.
All but two centres (Bucharest and Krakow) took retinal diapositives with a wide angle camera after pupil dilation. Two precisely defined fields (disc-macula-temporal and disc-nasal) were photographed in each eye, using Kodachrome 64 ASA diapositive film. A single observer graded all retinal diapositives by comparing them with standard diapositives taken with a 45 ~ camera and chosen to illustrate lesions of different severity. Each patient's level of retinopathy was determined by the worse eye. In this report, retinopathy is classified as background or proliferative. Proliferative retinopathy was defined as any new vessels, fibrous proliferations, pre-retinal haemorrhage, vitreous haemorrhage or photocoagulation scars.
Focus, clarity and field definition were adequate for grading in 91% of all retinal fields received. All patients with at least one a Means, medians and proportions by duration adjusted for age and HbAI0; Means, medians and proportions by HbAlc adjusted for age and duration graded field (n = 2479) have been included because exclusion of patients with incomplete grading would have led to underestimation of patients with more severe retinopathy. A more rigorous protocol [6] requiring stereophotographs of seven retinal fields was followed in 26 patients in addition to the study protocol. With both protocols, the same three patients were graded as having no retinopathy, and all remaining patients were graded as having retinopathy. There was therefore complete agreement between the two protocols on the presence or absence of any retinopathy.
The AER was calculated from a timed 24-h urine collection, after excluding proteinuria due to urinary tract infection. Urinary albumin was measured in a single laboratory by an immunoturbidimetric method [7] using goat anti-human albumin antisera (Sanofi Diagnostics Pasteur Inc., Minn., USA) and human serum albumin standards (ORHA 20/2l grade HSA; Behring Diagnostics, Hoechst UK Ltd, Hounslow, Middlesex, UK). AER was defined as normal below 20 gg/min and raised at or above this level. Microalbuminuria was defined as AER above 20 gg/min and less than 200 gg/min, and macroalbuminuria as AER at or above 200 gg/min. Hidden duplicate samples of urine were obtained from a 10 % random subsample of patients. The coefficient of reliability [1-(within person variance of the difference between repeated measurements/between person variance of a single measurement)] gives a measure of the relative magnitude of measurement error to between person variability. The coefficient of reliability for urinary albumin concentration in this study was high (0.97).
HbAlc (normal range 2.9 %-4.8 %) was measured in a central laboratory by an enzyme immunoassay [8] using a monoclonal antibody raised against HbA1 ~ (Dako Ltd, Ely, UK).
Statistical analysis
The independent relation of duration of diabetes and HbAz o to diabetic complications was examined by adjusting each exposure for the effect of the other. The importance of age as an independent confounder was examined separately for each complication before inclusion in the final estimate. In two of the figures (3 and 5), the prevalence of albuminuria and retinopathy was directly standardised to the distribution of duration of diabetes in the whole sample, with duration in 5-year intervals.
In Table 2 , prevalences (severe hypoglycaemia and ketosis) and medians (VPT and R-R ratio) by HbAlo quartiles were directly standardised to the distribution of age and duration in the whole sample. Prevalences and medians by duration quartiles were directly standardised to the distribution of age and HbA1c in the whole sample. Mean postural change in systolic blood pressure was adjusted for age and diabetes duration, and for age and HbAlc, using least-squares regression models. The adjusted means are the values predicted in the model when the other variables are held at their mean values. Tests of significance for proportions were based on the Cochran-Mantel-Haenszel chisquare statistic.
Results

Prevalence of complications and relation to duration of diabetes
Microalbuminuria was found in 20.7% (95% CI 19.3 %, 22.1%) of patients and macroalbuminuria in 8.8% (7.8%, 9.8%). Raised AER was more common in men (33.1%) than women (26.6%, p = 0.001). The prevalence of macroalbuminuria rose steeply between 5 and 20 years duration of diabetes and then declined. but the prevalence of microalbuminuria was relatively constant, ranging from 18 % to 25 % at 5-year intervals (Fig. 1 ). Of patients with diabetes duration between 1 and 5 years, 19 % (16 %, 23 %) had albumin excretion at or above 20 ~tg/min.
Background retinopathy was found in 35.9% (34.0 %, 37.8 %) of patients, and proliferative retinopathy in 10.3 % (9.1%, 11.5 %), with no significant difference (p = 0.12) in the frequency of any retinopathy between men and women. The prevalence of background retinopathy increased most steeply between 5 and 15 years duration and reached a plateau of 82 % (79 %, 85 %) after 20 years (Fig. 2) . Proliferative retinopathy was virtually absent before 10 years, after which it rose steadily to reach a prevalence of 37 % (29 %, 44 % ) after 30 or more years of diabetes.
Median VPT was 6 volts (3-27 volts). Using Ewing's definitions [9] of postural hypotension (fall in systolic pressure of 30 mm Hg or more) and loss of heart rate Proliferative retinopathy (*), background retinopathy (A) and any retinopathy ( 9 ) . The top curve is the sum of the lower two variability (R-R ratio < 1.0), the prevalence of abnormal autonomic reflexes was 5.9% (5.1%, 6.7%) and 19.3 % (17.9 %, 20.7 %) respectively. All three neuropathic tests were clearly related to the duration of diabetes ( Table 2 ).
The proportion of patients reporting one or more severe hypoglycaemic attacks in the previous 12 months was 32.2 % (30.6 %, 33.8 % ) and the proportion reporting one or more hospital admissions for ketoacidosis during the same period was 8.6 % (7.6 %, HbA~o (%) Fig.3 . Prevalence of microalbuminuria ( 9 and macroalbuminuria (*) by HbA~0. Prevalence is adjusted for duration of diabetes 9.6 %). Severe hypoglycaemia, but not ketosis, was clearly related to duration of diabetes ( Table 2 ). The prevalence of microvascular and acute metabolic complications by centre is shown in Table 3 .
Relation between complications and glycaemic control
Sixteen percent of patients had HbA~c within the normal, non-diabetic range (2.9-4.8 %). In these patients, the prevalence of microalbuminuria was 14.3% (ll,2%, 17.5%) and the prevalence of macroalbuminuria 4.7 % (2.8 %, 6.6 %). Corresponding figures for background and proliferative retinopathy were 25.6 % (21.5 %, 29.8 %) and 7.9 % (5.4 %, 10.5 %), and the proportion of patients reporting at least one severe hypoglycaemic attack during the last 12 months was 38.6 % (34.4 %, 42.9 % ). A clear increase in frequency of raised albuminuria with HbAlc was observed at both the individual (Fig. 3 ) and centre level (Fig. 4) . The relation between HbAlc and frequency of albuminuria was similar when analysed separately for micro-and macroalbuminuria (Fig. 3) . By contrast, the relation of HbAzc to background retinopathy was quite different to that of proliferative retinopathy (Fig. 5) . Below an HbA~c concentration of 8 %, the prevalence of background retinopathy increased significantly with HbAlc, while the frequency of proliferative retinopathy was fairly constant. Above an HbA1 c level of 8 %, the prevalence of proliferative retinopathy began to rise as the increase in frequency of background retinopathy reversed. Both autonomic tests, VPT and severe hypoglycaemia and ketosis were clearly related to HbAlo (Table 2) .
Discussion
The EURODIAB IDDM Complications Study is one of the largest clinic-based studies of its kind combining standardised methods with central measurement of important outcomes. The study was clinic, rather than population, based because population-based sampling frames from which IDDM patients can be identified and recruited for study are rare. What, then, is the likely impact of selection bias on our findings? Clinic-based estimates of the regional prevalence of complications will be biased if clinic-attenders have more or fewer complications than the population of IDDM patients from which the attenders are drawn. While some patients may be referred to clinics because of advanced complications, others' motivation to attend may be associated with better control and fewer complications than in non-attenders [10] . Individual clinics may therefore over-or underestimate the regional prevalence of complications, depending on the balance between these opposing biases. Selection bias is less likely to affect associations between risk factors (exposures) and complications (outcomes). For example, clinic-attenders may have longer (or shorter) duration of diabetes, and a higher (or lower) prevalence of retinopathy than non-attenders, but it is unlikely that the relation between duration of diabetes and retinopathy differs importantly between those who attend clinics and those who do not. In general, although factors determining clinic attendance are poorly defined and difficult to measure, they need not bias the association between risk factors and complications, providing the selective forces for exposure and outcome are independent of each other. The strength of the EURODIAB Complications Study therefore lies in elucidating the relation between specific outcomes and exposures. The study also provides information about the burden of complications and risk factors encountered in diabetic clinics across Europe. Since factors determining clinic referral may vary by region, differences between centres in the prevalence of complications are hard to interpret unless they can be explained in relation to risk factors that demonstrate the same effect at the level of the individual (as shown for the relation between glycaemic control and albuminuria).
The relation between duration and prevalence of retinopathy is similar to that described in two American population-based studies in Wisconsin [11] and Pittsburgh [12] confirming a rapid rise in the prevalence of retinopathy between 5 and 15 years and virtually no proliferative retinopathy before 10 years. These similarities support the premise that complications in clinic attenders do not develop in a way unlike that of the wider population of IDDM patients. Absolute prevalences, however, were lower in this study, with 82 % of patients having retinopathy after 20 years, compared with almost 100 % in the American studies. The prev= alence of proliferative changes after 30 years of diabetes was 36 % in this study and 60 % [11] to 75 % [12] in the American studies. Our comparison of the EURO-DIAB two-field method with the more extensive protocol used in the American studies indicates that method differences alone are unlikely to account for the lower prevalence of any retinopathy in this study. An alternative explanation is better glycaemic control: 6.7 % [11[ and 1% (T. Orchard, personal communication) of study subjects in the American studies had glycated haemoglobin in the non-diabetic range, compared with 16 % in the present study. This explanation assumes a causal relation between glycaemic control and retinopathy which cannot be adressed adequately by observational studies. The crucial question of whether, or to 283 what extent, improved control prevents the incidence or progression of retinopathy has been examined most recently in a definitive randomise d controlled trial of strict vs conventional control (The Diabetes Control and Complications Trial, DCCT [13] ). The trial has examined both primary and secondary prevention of complications in a highly select group of well-motivated IDDM patients. The first presentation of the DCCT results (American Diabetes Association meeting, June 1993, Las Vegas, Nev., USA) showed that strict control substantially reduces the risk of long-term complications, particularly retinopathy. Previously published results [14] have shown that strict control also causes a three-to four-fold increase in the risk of severe hypoglycaemia -an effect reflected in our prevalence data. As the full findings of the DCCT become widely publicised, informed individuals will be able to weigh the measured benefits against the risks of strict control. For those delivering diabetes care, one of the key issues will be the extent to which the findings of this trial can be applied to the wider population of IDDM patients.
The possibility of a glycaemic threshold for retinopathy has aroused much interest [15] . Although it is difficult to draw firm conclusions from cross-sectional data, we found a decline in frequency of background retinopathy and coincident rise in proliferative retinopathy at HbAlc above 8% which might indicate a threshold effect with important implications for avoidance of sight-threatening retinopathy. Prospective studies [15, 16] including the DCCT have shown a particularly strong relation between glycated haemoglobin and proliferative retinopathy, but have not reported a clear glycaemic threshold. Whether or not such a threshold exists, it is clear from our data that the relation of glycaemic control to raised albuminuria differs qualitatively from its relation to retinopathy. Unlike retinopathy, the rise in frequency of macroalbuminuria with HbAlc was not accompanied by any coincident fall in microalbuminuria and there was no indication of a threshold effect. Qualitative differences in the relation of glycaemic control to retinopathy and albuminuria have not been described before. Independent examination in other large observational studies would be helpful.
In assessing the importance of glycaemic control in an observational study, it is important to note that the true relation between glycaemic control and diabetic complications will be stronger than is apparent in this study. This is partly because patients who know they have complications are more likely to improve than to worsen their control as a consequence of this knowledge, and partly because a single measure of HbA~c is an imprecise estimate of an individual's usual glycaemic control. The effect of such measurement imprecision is to weaken or dilute the relation between HbAI~ and diabetic complications [17] .
Another possible explanation for the comparatively low frequency of proliferative retinopathy in this study might be greater use of retinal photocoagulation. Differences in use of photocoagulation are difficult to compare between these studies, but fewer than 2% of patients in Wisconsin [11] compared with 6.4% of EURODIAB patients had signs of photocoagulation with no proliferative lesions, indicating successful treatment of proliferative retinopathy.
The relation between duration and prevalence of macroalbuminuria accords with other studies which have shown a fall in the incidence of nephropathy after 20 years of diabetes [18, 19] . By contrast, the prevalence of microalbuminuria varied little with duration and did not fall appreciably after 20 years, suggesting that progression to macroalbuminuria may not be the rule, at least in patients with long-term diabetes. This conclusion is supported by a recent prospective study of microalbuminuric patients with IDDM for more than 15 years [20] in which only 5 (28 % ) of 18 patients progressed to macroalbuminuria during a 10 year follow-up. Raised albuminuria of diabetic origin is thought to be rare before 5 years of IDDM, but we found an AER of 20 gg/min or more in 19 9/0 of patients with diabetes duration between 1 and 5 years. Part of the explanation for this lies in differences in the method of urine collection and definition of raised albumin excretion: in order to compare our results with a study in which urine is collected overnight (when albumin excretion may be 25 9/0 lower than by day) and raised albumin excretion defined as greater than 30 gg/min, we need to examine the frequency of albumin excretion above 40 gg/min, which was 9 % (95 % CI 6 % to 12 %) in patients with diabetes duration between 1 and 5 years. Raised albuminuria in patients of short duration was found in all centres. Control was poorer in microalbuminuric patients than those with normal AER, but mean HbAlc did not differ between microalbuminuric patients with duration of 1 to 5 years and microalbuminuric patients with diabetes for 6 years or more. Previous prevalence studies might have missed early duration albuminuria simply because they investigated few patients, while larger, more recent studies [12, 21] have apparently not looked for albuminuria in people with IDDM for less than 5 years. Although we cannot completely exclude selection bias as an explanation for our finding, previous detection of microalbuminuria in these patients leading to clinic referral seems unlikely. Careful follow-up of patients with early albuminuria is needed to determine its clinical significance and rate of progression to proteinuria.
In the absence of a precise agreed definition of diabetic neuropathy, comparison of the prevalence of the condition between different epidemiological studies is difficult, although most definitions based on clinical features are similar [22] . Our data confirms the association of diabetic polyneuropathy with age and duration of diabetes [23] , and highlights a strong relation with glycaemic control independent of diabetes duration. As in other reports, the prevalence of abnor-J. Stephenson and J. H. Fuller: Complications in IDDM mal autonomic function increased with diabetes duration and glycated haemoglobin [24] .
In summary, we have found microalbuminuria in a significant proportion of patients with IDDM for less than 5 years and qualitative differences in the relation of glycaemic control to retinopathy and albuminuria which have not been reported before.
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